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OXIDATION RESISTANT
MICROELECTRONICS CAPACITOR
STRUCTURE WITH L SHAPED ISOLATION
SPACER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to capacitors
within microelectronic products. More particularly, the
present 1nvention relates to enhanced performance capaci-
tors within microelectronic products.

2. Description of the Related Art

Microelectronic products are formed from microelec-
tronic substrates within and upon which are formed micro-
clectronic devices and over which are formed patterned
conductor layers which are separated by dielectric layers.

Common 1n the microelectronic product fabrication art is
the use of capacitors for both data storage functions and data
processing functions. While capacitors are generally ubig-
uitous 1n the microelectronic product fabrication art, capaci-
tors are nonetheless not entirely without problems.

In that regard, 1t 1s often difficult to fabricate within
microelectronic products capacitors with enhanced perfor-
mance.

It 1s thus towards the foregoing object that the present
invention 1s directed.

Various capacitors having desirable properties have been
disclosed 1n the microelectronic product fabrication art.

Included among the capacitors, but not limited among the
capacitors, are capacitors disclosed within: (1) Dennard et
al. (U.S. Pat. No. 5,198,995); and Wu (U.S. Pat. No.
6,020,609), both of which are directed towards trench
capacitors within dynamic random access memory (DRAM)
cells. The teachings of each of the foregoing references are
incorporated herein fully by reference.

Desirable 1n the microelectronic product fabrication art
are additional capacitors with enhanced performance.

It 1s towards the foregoing object that the present inven-
tion 1s directed.

SUMMARY OF THE INVENTION

A first object of the present imvention 1s to provide a
capacitor for use within a microelectronic product.

A second object of the invention 1s to provide a capacitor
in accord with the first object of the mvention, wherein the
capacitor 1s formed with enhanced performance.

In accord with the objects of the invention, the invention
provides a capacitor structure for use within a microelec-
tronic product.

In accord with the invention, the capacitor comprises: (1)
a substrate having formed thereover; (2) a first capacitor
plate having formed thereupon; (3) a capacitor dielectric
layer in turn having formed thereupon; (4) a second capaci-
tor plate. The capacitor also comprises at least one of: (1) an
oxidation barrier layer formed upon the second capacitor
plate; and (2) a spacer formed adjoining a sidewall of the
second capacitor plate, where the spacer 1s formed with an
“L” shape.

The 1nvention provides a capacitor for use within a
microelectronic product, wherein the capacitor 1s formed
with enhanced performance. The invention realizes the
foregoing object by employing within a capacitor structure
at least one of: (1) an oxidation barrier layer formed upon a
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second capacitor plate within the capacitor structure; and (2)
a spacer formed adjoining a sidewall of the second capacitor
plate, where the spacer 1s formed with an “L” shape.

BRIEF DESCRIPITION OF THE DRAWINGS

The objects, features and advantages of the invention are
understood within the context of the Description of the
Preferred Embodiment, as set forth below. The Description
of the Preferred Embodiment 1s understood within the
context of the accompanying drawings, which form a mate-
rial part of this disclosure, wherein:

FIG. 1 shows a schematic cross-sectional diagram of a
capacitor structure 1n accord with a general embodiment of
the invention which comprises a first preferred embodiment
of the invention.

FI1G. 2, FIG. 3, FIG. 4, FIG. §, FIG. 6. FIG. 7, FIG. 8, FIG.
9 and FIG. 10 show a series of schematic plan-view and
cross-sectional diagrams 1llustrating the results of progres-
sive stages of fabricating a capacitor structure 1in accord with
a more specific embodiment of the invention which com-
prises a second preferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The i1nvention provides a capacitor for use within a
microelectronic product, wherein the capacitor 1s formed
with enhanced performance. The invention realizes the
foregoing object by employing within a capacitor structure
at least one of: (1) an oxidation barrier layer formed upon a
second capacitor plate within the capacitor structure; and (2)
a spacer formed adjoining a sidewall of the second capacitor
plate, where the spacer 1s formed with an “L” shape.

First Preferred Embodiment

FIG. 1 shows a schematic cross-sectional diagram of a
capacitor structure 1n accord with a general embodiment of
the invention which comprises a first preferred embodiment
of the nvention.

Shown in FIG. 1 is: (1) a substrate 40 having formed
thereover; (2) a first capacitor plate layer 42 having formed
aligned thereupon; (3) a capacitor dielectric layer 44 having
formed aligned thereupon; (4) a second capacitor plate layer
46 in turn having formed aligned thereupon; (5) an oxidation
barrier layer 48. Also shown within FIG. 1 1s a pair of “L”
shaped spacer layers 50a and 505 formed adjoining a pair of
opposite edges of the first capacitor plate layer 42, the
capacitor dielectric layer 44, the second capacitor plate layer
46 and the oxidation barrier layer 48.

Within the invention, the substrate 40 may be employed
within a microelectronic fabrication selected from the group
including but not limited to integrated circuit microelec-
tronic fabrications, ceramic substrate microelectronic fabri-
cations and optoelectronic microelectronic fabrications.

Within the invention, each of the first capacitor plate layer
42, the capacitor dielectric layer 44 and the second capacitor
plate layer 46 may be formed of materials as are conven-
tional 1n the microelectronic fabrication art. Although each
of the first capacitor plate layer 42 and the second capacitor
plate layer 46 may be formed from any of several capacitor
plate materials, such as but not limited to metal, metal alloy,
doped polysilicon (having a dopant concentration of greater
than about 1E20 dopant atoms per cubic centimeter and
polycide (doped polysilicon/metal silicide stack) capacitor
plate materials, each of the first capacitor plate layer 42 and
the second capacitor plate layer 46 1s typically formed of a
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doped polysilicon capacitor plate material formed to a
thickness of from about 300 to about 3000 angstroms.

Within the invention, the capacitor dielectric layer 44 may
be formed of comparatively lower dielectric constant dielec-
tric materials (having a dielectric constant of from about 4
to about 8), such as but not limited to silicon oxide dielectric
materials and silicon nitride dielectric materials. The capaci-
tor dielectric layer 44 may also be formed of comparatively
higher dielectric constant dielectric materials (having a
dielectric constant of from about 10 to about 200), such as
but not limited to tantalum oxide dielectric materials, lead
zirconate titanate dielectric materials and barrum strontium
fitanate dielectric materials. Typically, the capacitor dielec-
tric layer 44 1s formed to a thickness of from about 30 to
about 100 angstroms.

Within the ivention, each of the oxidation barrier layer
48 and the pair of “L” shaped spacer layers 50a and 505
serves functionally 1n providing the capacitor structure of
the present invention with enhanced performance.

In that regard, the oxidation barrier layer 48 provides for
attenuated oxaidation of at least the second capacitor plate
layer 46 when exposing the capacitor structure of FIG. 1 to
thermal oxidizing environments. In addition, the pair of “L”
shaped spacer layers 50a and 50b provide enhanced elec-
trical isolation of the capacitor structure (in particular with
respect to the second capacitor plate 46 layer), in compari-
son with otherwise generally conventional tapered spacer
layers.

Although other oxidation barrier materials are not pre-
cluded within the invention, the oxidation barrier layer 48 1s
typically formed of a silicon nitride material or silicon
oxynitride material formed to a thickness of from about 50
to about 2000 angstroms. In addition, while other spacer
materials are not precluded within the mnvention, the pair of
spacer layers 50a and 5056 1s typically formed of a silicon
nitride material or silicon oxynitride material formed to a
conformal thickness of from about 200 to about 500 ang-
stroms.

Second Preferred Embodiment

FIG. 2 to FIG. 10 show a series of schematic plan-view
and cross-sectional diagrams 1llustrating the results of pro-
oressive stages of fabricating, in accord with a more speciiic
embodiment of the present invention which comprises a
second preferred embodiment of the invention, a capacitor
structure within a semiconductor product.

FIG. 2 shows a schematic plan-view diagram of the
semiconductor product at an early stage in 1ts fabrication 1n
accord with the second preferred embodiment of the mven-
fion.

FIG. 2 shows an active region 10" of a semiconductor
substrate surrounded by an 1solation region 12. Within FIG.
2, the active region 10' of the semiconductor substrate 1s
further divided 1nto a pair of source/drain areas 10a' and 10c’
which are separated by a channel region 105'. Within the
second preferred embodiment, a gate clectrode 1s mntended to
be formed over the channel region 10b and a palr of
source/drain regions 1s intended to be formed into the palr of
source/drain areas 10a' and 10c¢', thus providing a field effect
transistor (FET) device within and upon the active region 10
of the semiconductor substrate.

FIG. 3 shows a schematic cross-sectional diagram corre-
sponding with the schematic plan-view diagram of FIG. 2.

FIG. 3 shows the semiconductor substrate 10 having
formed therein a pair of 1solation regions 12a and 120
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(derived from the isolation region 12) which define the
active region 10' of the semiconductor substrate 10.

Within the invention, the semiconductor substrate 10 may
be formed of any of several semiconductor materials
compositions, dopant polarities, dopant concentrations and
crystallographic orientations. Typically, the semiconductor
substrate 10 is a (100) silicon semiconductor substrate at
least 1 part lightly doped with an appropriate dopant of
cither dopant polarity.

Within the invention, the pair of 1solation regions 12a and
126 may be formed employing any of several methods,
including but not limited to local oxidation of silicon
(LOCOS) methods and shallow trench 1solation (STI) meth-
ods. Typically, the pair of 1solation regions 124 and 12b 1s
formed as a pair of shallow trench isolation (STI) regions
formed at least 1n part of a silicon oxide dielectric material,
as 1s 1llustrated within the schematic cross-sectional diagram

of FIG. 3.

FIG. 4 shows the results of further processing of the
semiconductor product of FIG. 3.

FIG. 4 shows the results of forming a pad dielectric layer
14 upon the active region 10' of the semiconductor substrate
10. The pad dielectric layer 14 may be formed of dielectric
materials as are conventional or unconventional i1n the
semiconductor product fabrication art. Typically, the pad
dielectric layer 14 1s formed at least in part of a thermal
silicon oxide material formed to a thickness of from about 30
to about 200 angstroms upon the active region 10, of the
semiconductor substrate 10.

FIG. 4 also shows a patterned etch stop layer 16 formed
upon the pad dielectric layer 14 and spanning over a pair of
ctched 1solation regions 124" and 125'. FIG. 4 also shows a
patterned capacitor node dielectric layer 18 formed aligned
upon the patterned etch stop layer 16. Finally, FIG. 4
illustrates a patterned photoresist layer 19 formed aligned
upon the patterned capacitor node dielectric layer 18.
Although other materials may be employed for forming each
of the patterned etch stop layer 16 and the patterned capaci-
tor node dielectric layer 18: (1) the patterned etch stop layer
16 1s typically formed of a silicon nitride material or a
silicon oxynitride material formed to a thickness of from
about 200 to about 2000 angstroms; and (2) the patterned
capacitor node dielectric layer 18 i1s typically formed of a
silicon oxide material formed to a thickness of from about
1000 to about 10000 angstroms. The patterned photoresist
layer 19 may be formed of either a positive photoresist
material or a negative photoresist material, typically formed
to a thickness of from about 10000 to about 70000 ang-
stroms.

As 1s understood by a person skilled in the art, the
patterned photoresist layer 19 1s employed for sequentially
ctching the patterned capacitor node dielectric layer 18 and
the patterned etch stop layer 16 from a corresponding
blanket capacitor node dielectric layer and blanket etch stop
layer, and then etching into the pair of 1solation regions 12a
and 12b to form the pair of etched 1solation regions 124' and
12b'. Typically, the pair of 1solation regions 12a and 12b 1s
ctched to a depth of from about 1000 to about 4000 when
forming the pair of etched 1solation regions 124" and 125’

FIG. 5 shows the results of further processing of the
semiconductor product of FIG. 4.

FIG. 5 shows the results of stripping the patterned pho-
toresist layer 19 from the patterned capacitor node dielectric
layer 18. The patterned photoresist layer 19 may be stripped
employing methods and materials as are conventional 1n the
semiconductor product fabrication art.
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FIG. § also shows a pair of first capacitor plate layers 20a
and 20b (i.e., a pair of capacitor node layers) formed
conformally 1nto a pair of apertures defined by the pair of
ctched 1solation regions 124' and 12b', the patterned etch
stop layer 16 and the patterned capacitor node dielectric
layer 18. Thus, the pair of first capacitor plate layers 20a and
205 1s at least partially embedded within the pair of 1solation
regions 12a and 12b.

The pair of first capacitor plate layers 20a and 20b 1s
typically formed incident to planarizing a blanket conformal
layer formed of a doped polysilicon material formed to a
thickness of from about 700 to about 800 angstroms,
although other conductor materials may also be employed.
Typically, such planarizing 1s effected employing a chemical
mechanical polishing (CMP) planarizing method, although
other planarizing methods may also be employed.

FIG. 6 shows the results of further processing of the
semiconductor product of FIG. 5.

FIG. 6 first shows the results stripping from upon or over
the pad dielectric layer 14 the patterned etch stop layer 16
and the patterned capacitor node dielectric layer 18. Each of
the foregoing two layers may be stripped employing meth-
ods and materials as are conventional in the semiconductor
product fabrication art.

FIG. 6 also shows the results of forming over the resulting
semiconductor product a series of four blanket layers con-
sisting of: (1) a blanket capacitor dielectric layer 22 formed
upon the pair of first capacitor plate layers 20a and 205 and
bridging upon the pair of etched i1solation regions 124" and
125" and the pad dielectric layer 14; (2) a blanket second
capacitor plate layer 24 formed upon the blanket capacitor
dielectric layer 22; (3) a blanket oxidation barrier layer 26
formed upon the blanket second capacitor plate layer 24; and
(4) a blanket anti-reflective coating (ARC) layer 28 formed
upon the blanket oxidation barrier layer 26.

Within the invention, and 1n accord with the first preferred
embodiment of the invention, the blanket capacitor dielec-
tric layer 22 may be formed of a capacitor dielectric material
as 1s conventional or unconventional in the semiconductor
product fabrication art. Typically, the blanket capacitor
dielectric layer 22 1s formed of a capacitor dielectric mate-
rial having an etch selectivity with respect to the material
from which 1s formed the pad dielectric layer 14, and formed
to a thickness of from about 30 to about 100 angstroms.

In addition, and 1n accord with the first preferred embodi-
ment of the invention, the blanket second capacitor plate
layer 24 1s typically formed of a doped polysilicon material,
formed to a thickness of from about 300 to about 3000
angstroms.

Further, and also 1n accord with the first preferred embodi-
ment of the invention, the blanket oxidation barrier layer 26
1s formed of an oxidation barrier material and in particular
a silicon nitride or (comparatively nitrogen rich) silicon
oxynitride oxidation barrier material, formed to a thickness
of from about 50 to about 500 angstroms.

Finally, the blanket anti-reflective coating layer 28 1s
formed to a thickness of from about 300 to about 1000
angstroms, typically but not necessarily from a
(comparatively nitrogen deficient) silicon oxynitride anti-
reflective coating material.

FIG. 7 shows the results of further processing of the
semiconductor product of FIG. 6.

FIG. 7 shows the results of patterning the blanket anti-
reflective coating layer 28, the blanket oxidation barrier
layer 26, the blanket second capacitor plate layer 24 and the
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blanket capacitor dielectric layer 22 to form a corresponding
pair of patterned anti-reflective coating layers 28a and 28b,
pair of patterned oxidation barrier layers 26a and 26b, pair
of patterned second capacitor plate layers 24a and 24b and
pair of patterned capacitor dielectric layers 22a and 22b,
while employing the pad dielectric layer 14 as an etch stop
layer. Such patterning may be undertaken employing meth-
ods as are conventional in the semiconductor product fab-
rication art, including 1n particular reactive 1on etch methods
plasma etch methods. The result of such patterning provides
a pair ol capacitors within the semiconductor product of
FIG. 7, where a pair of patterned second capacitor plate
layers within the pair of capacitors extends at least in part
above a pair of 1solation regions within which the pair of

capacitors 1s otherwise embedded.

FIG. 7 also shows the results of forming a blanket first
spacer material layer 30 upon exposed portions of the gate
dielectric layer 14, the pair of patterned capacitor dielectric
layers 22a and 22b, the pair of patterned second capacitor
plate layers 24a and 24b, the pair of patterned oxidation
barrier layers 26a and 26b and the pair of patterned anti-
reflective coating layers 28a and 28b. The blanket first
spacer material layer 30 in turn has formed thereupon a
blanket second spacer material layer 32.

Within the invention, each of the blanket first spacer
material layer 30 and the blanket second spacer material
layer 32 1s formed of a spacer material with etch selectivity
with respect to the other. Typically, the blanket first spacer
material layer 30 1s formed of a silicon nitride or silicon
oxynitride spacer material formed to a conformal thickness
of from about 200 to about 500 angstroms while the blanket
second spacer material layer 32 1s formed of a silicon oxide

spacer material formed to a conformal thickness of from
about 300 to about 1000 angstroms.

FIG. 8 shows the results of further processing of the
semiconductor product of FIG. 7.

FIG. 8 shows the results of anisotropically etching the
blanket second spacer material layer 32, while employing
the blanket first spacer material layer 30 as an etch stop
layer, to form a series of second spacer layers 32a, 32b, 32c
and 32d. As 1s 1llustrated within FIG. 8, each of the series of
second spacer layers 32a, 32b, 32¢ and 32d 1s formed with
a tapered profile.

FIG. 9 shows the results of further processing of the
semiconductor product of FIG. 8.

FIG. 9 shows the results of etching the blanket first spacer
material layer 30, while employing the series of second
spacer layers 32a, 32b, 32¢ and 32d as a series of mask
layers, to form a series of first spacer layers 30a, 305, 30c
and 30d. The blanket second spacer material layer 30 may be
ctched to form the series of first spacer layers 30a, 30b, 30c
and 30d while employing etch methods as are convention 1n
the art of semiconductor product fabrication. In particular,
when the blanket first spacer material layer 30 1s formed of
a silicon nitride or silicon oxynitride material and adjacent
or adjoining layers are formed of a silicon oxide material,
the blanket first spacer material layer 30 may be etched
within an aqueous phosphoric acid etchant solution at
clevated temperature. As 1s illustrated within FIG. 8, each of
the first spacer layers 30a, 30b, 30c and 30d, and in
particular the first spacer layer 30b and the first spacer layer
30c, 1s formed with an “L” shape. In accord with the first
preferred embodiment of the mvention, the “L” shape pro-
vides for enhanced 1solation of the capacitor structure as
illustrated within FIG. 9, and 1n particular the pair of second
capacitor plate layers 24a and 24b within the pair of capaci-
tor structures.
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FIG. 9 also shows the results of stripping the pad dielec-
tric layer 14 and reoxidizing the active region of the semi-
conductor substrate 10 to form a gate dielectric layer 14"

Such stripping and reoxidation will typically provide the
cgate dielectric layer of silicon oxide of thickness from about

30 to about 100 angstroms.

FIG. 10 shows the results of further processing of the
semiconductor product of FIG. 9.

FIG. 10 shows a gate electrode 34 formed upon the
exposed portion of the gate dielectric layer 14' and spanning
over the pair of capacitor structures. The gate electrode may
be formed employing methods and materials as are conven-
tional 1n the semiconductor product fabrication art.
Typically, the gate electrode 34 1s formed of a doped
polysilicon material formed to a thickness of from about
1500 to about 15000 angstroms. Although not specifically
illustrated within FIG. 9, the gate electrode 34 1s formed
such as to cover only the channel region 105 of the active
regions of the semiconductor substrate 10 as illustrated
within FIG. 1, and a pair of source/drain regions 1s formed
within the source/drain areas 10a and 10c¢ of the active
region of the semiconductor substrate 10.

FIG. 10 shows a semiconductor product formed 1n accord
with a second preferred embodiment of the invention. The
semiconductor product has formed therein a capacitor struc-
ture with enhanced performance. The invention realizes the
foregoing object by employing within the capacitor structure
at least one of: (1) an oxidation barrier layer formed upon a
second capacitor plate within the capacitor structure; and (2)
a spacer formed adjoining a sidewall of the second capacitor
plate, where the spacer 1s formed with an “L' shape.

The preferred embodiments of the invention are illustra-
five of the present invention rather than limiting of the
invention. Revisions and modifications may be made to
materials, structures and dimensions 1n accord with a capaci-
tor structure 1n accord with the preferred embodiment of the
invention while still providing a capacitor structure in
accord with the present invention, further 1n accord with the
accompanying claims.

What 1s claimed 1s:

1. A capacitor structure comprising;:

a substrate;
a fast capacitor plate formed over the substrate;

a capacitor dielectric layer formed upon the first capacitor
plate;

a second capacitor plate formed upon the capacitor dielec-
tric layer; and
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an L shaped spacer layer formed adjoining a sidewall of

the second capacitor plate.

2. The capacitor structure of claim 1 wherein the substrate
1s employed within a microelectronic product selected from
the group consisting of integrated circuit products, ceramic
substrate products, and optoelectronic products.

3. The capacitor structure of claim 1 wherein the L shaped
spacer layer has a conformal thickness of from about 200 to
about 500 angstroms.

4. A capacitor structure comprising:

a substrate having formed therein an i1solation region;

a first capacitor plate formed at least in part embedded
within the 1solation region;

a capacitor dielectric layer formed upon the first capacitor
plate;

a second capacitor plate formed upon the capacitor dielec-
tric layer and extending at least in part above the
1solation region; and

an L shaped spacer layer formed adjoining a sidewall of

the second capacitor plate.

5. The capacitor structure of claim 4 wherein the substrate
1s employed within a microelectronic product selected from
the group consisting of integrated circuit products, ceramic
substrate products, and optoelectronic products.

6. The capacitor structure of claim 4 wherein the L shaped
spacer layer has a conformal thickness of from about 200 to
about 500 angstroms.

7. A capacitor structure comprising;

a substrate having formed therein an i1solation region;

a first capacitor plate formed embedded at least 1n part
within the 1solation region;

a capacitor dielectric layer formed upon the first capacitor
plate;

a second capacitor plate formed upon the capacitor dielec-
tric layer and extending at least in part above the
1solation region; and

an oxidation barrier layer formed upon the second capaci-

tor plate.

8. The capacitor structure of claim 7 wherein the substrate
1s employed within a microelectronic product selected from
the group consisting of integrated circuit products, ceramic
substrate products, and optoelectronic products.

9. The capacitor structure of claim 7 wherein the oxida-
tion barrier layer has a thickness of from about 50 to about
2000 angstroms.
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